The aim of this study was to evaluate the quality of Senegalia polyphylla seeds from different trees by X-ray (XR) and electric conductivity (EC) tests. Seeds from three different trees were used. The seeds were classified through radiography in: full, malformed, with small damage and empty, and were used in the germination test. For the EC test, the best volume of water (50 and 75 mL) was initially tested at 25 °C, and subsequently, the different soaking times (12, 24, 48, 72, 96 and 120 hours) using the best volume of water. Concomitantly, the germination test was performed. Tree I presented a higher percentage of full seeds in XR, higher percentage of germination and fewer leachates in the EC; tree III, however, was the opposite. The tests showed to be efficient for the quality evaluation of Senegalia polyphylla seeds, differentiating the trees.
INTRODUCTION
Senegalia polyphylla (DC.) Britton & Rose (former Acacia polyphylla) (INCT, 1939) , belonging to the family Fabaceae, is popularly known in Brazil as unha de gato. The plant, occurring from the Amazon region up to Paraná, is classified as a pioneer indicated for projects of recovery of degraded areas, for beekeeping and breeding of native bees, woodworking purposes, landscaping, when in bloom, and urban greening, besides possessing medicinal potential (Carvalho, 2008) .
The growing demand for seeds of native forest species, through production and conservation programs, has generated the need to develop technologies for evaluating the quality of these seeds (Carvalho et al., 2009) to make sure that they will originate healthy plants, since obtaining and maintaining high physiological quality of a seed lot is a critical step in the production of seedlings (Muxfeldt et al., 2012) .
Since unha de gato is a native forest species, as well as several others, it does not present much information about the physiology and analysis of its seeds; in this way, it is sought to develop and perfect rapid and reliable tests that offer the characterization of the potential and physiological quality of the seeds for sowing and storage purposes (Figliolia et al., 1993) . Therefore, different tests have been used.
The evaluation of the internal morphology of seeds is essential both for the characterization of poorly studied species and for the improvement of the quality of seed lots, since the information about the existence of defective and empty seeds is desirable as it may influence the results of germination. The analysis of images for evaluating the internal morphology of seeds, besides not damaging the seeds and making it possible to examine their structure, relating it to other tests contributes to the consistency of information, since the procedures can be reproduced without human interference (Gomes, 2010) .
Thus, the possibility of using the image analysis technique is promising, since the seed can be examined individually in enlarged images, indicating in detail the damaged area, its location and the extent of damage (Nunes et al., 2014) .
The X-ray test, besides presenting fast results, is not destructive. This technique consists in the absorption of X-rays by the seed tissues (Carvalho et al., 2009 ), allowing the visualization of the position and shape of the damage that occur in the embryonic axis (Amaral et al., 2011) , as well as the seed as a whole.
According to Abreu et al. (2011) , the degradation of the cell membranes system is the first stage of the seed deterioration process, so the tests best suited for evaluating subtle differences in vigor between lots are those that evaluate the structure of membranes, such as the electrical conductivity test.
The electrical conductivity test is also important due to its objectivity and speed, in addition to the ease of execution, without major expenses (Krzyzanowski et al., 1999) . Besides being a good indicator of vigor, it is related to the initial events of the seed deterioration sequence, such as the degradation of cell membranes and the reduction of respiratory and biosynthetic activities (Carvalho et al., 2009) . The test evaluates the seed quality in an indirect way, as it informs the amount of leachate in the seed imbibition solution (Mendes et al., 2010) .
The electrical conductivity test is based on the principle that, with the deterioration process, there is the leaching of the cellular constituents of the seeds soaked in water, as a result of the loss of integrity of the cellular membrane systems; thus, low conductivity means high physiological quality of the seed, and high conductivity suggests its lower vigor (Gonzales et al., 2009) .
The physiological quality of seeds can be influenced by the different variations in the conditions that seeds undergo when still in the mother plant, and these may highlight certain aspects of their genetic composition, which otherwise would not manifest (Botezelli et al., 2000) ; also, according to Ignácio (2013) , it can be linked to the conditions of seeds' conservation before their use.
In this way, the objective of this study was to evaluate the physical and physiological quality of Senegalia polyphylla seeds from three trees by X-ray and electrical conductivity tests.
MATERIAL AND METHODS
Unha de gato fruits were collected in May 2014 from three trees (MI, MII and MIII) distant more than 500 meters from each other, located in the western region of Paraná. After the harvest, the pulp from the fruits was removed and the seeds were dried at room 3/9
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The weight of a thousand seeds was determined using eight replicates of 100 seeds weighed in an analytical balance. The water content was determined at the time of installation of each test, using four replicates of 5 g of seeds placed in aluminum containers of known weight and oven dried at 105 ± 3 °C, for 17 ± 1 hours (Brasil, 2009 ).
When performing the X-ray test, the seeds were stored for 8 months. To obtain the radiographs, the Faxitron X-ray MX-20 DC-12 device was used, coupled to the computer core 2 Duo and the MultiSync LCD1990SX monitor. The definition of the best intensity and time of exposure of the seeds was determined automatically by the equipment, with the seeds positioned 28.6 cm away from de X-ray emission site, and the intensity of 26 kv, sufficient to diagnose the seed structures. The time of exposure, measured automatically, varied from 7 to 9 seconds, according to the thickness of the seeds.
Eight replicates of 25 seeds were analyzed for each tree, which were placed on transparent double-sided tape adhered on a projection transparency.
From the radiographs the seeds were classified into four categories, according to the internal morphology: full, malformed, with small damage (less than 50% of the embryo damaged) and empty (more than 50% of the embryo damaged).
After the radiographs were taken, the seeds were placed in individual containers previously numbered so that the seed could later be correctly evaluated in the germination test. The seeds of the germination test were disinfested with sodium hypochlorite 2% for five minutes and then sowed in plastic boxes in substrate vermiculite. The plastic boxes were conditioned in BOD incubator at 25 °C with a 12-hour photoperiod (Araújo et al., 2003) . The plastic boxes' lids were numbered in order to locate each seed in the germination test and compare with the X-ray generated by the X-ray test.
The evaluation of germination was performed daily, considering germinated the seed that had the aerial part emerged (hypocotyl and cotyledons). Concomitantly, the average germination speed and the formation of normal seedlings were evaluated, taking into account the emerged aerial part (hypocotyl and cotyledons and the emergence of the first pair of leaflets) (Brasil, 2009 ). Results were expressed as percentage of germination and normal seedlings and mean germination speed calculated according to Labouriau (1983) .
When the test for the adequacy of water volume for the electrical conductivity test was carried out, the seeds from tree III were freshly harvested. When comparing the trees by the electrical conductivity test, seeds from the trees I, II and III were stored for 11 months.
Preliminary tests were carried out to determine the adequate volume of water, using four replicates of 50 seeds from tree III for each volume of water and imbibition time. The seeds were weighed on analytical balance and arranged in plastic cups, which were kept closed in BOD incubator at 25 °C, with volumes of deionized water of 50 and 75 mL and with different soaking times (12, 24, 48, 72, 96 and 120 hours).
After each soaking time, the imbibition solution was read using QUIMIS conductivity meter (0.00 to 19.999 µS). From the reading result the pure water reading (without seeds) was subtracted and the result was divided by the weight of the subsample, expressed in µS.cm -1
.g -1 per seed, according to Krzyzanowski et al. (1999) .
Having the adequate water volume to perform the test (50 mL), a new electrical conductivity test was performed, with seeds from the three trees. Four replicates of 50 seeds were used for each tree and imbibition time (24, 48, 72, 92 and 120 hours) . The procedures and evaluations were performed as described above. Simultaneously, the germination test and evaluations were carried out, according to the methodology already described.
The data for the evaluation of the categories obtained by the X-ray test were analyzed in a 3 × 3 factorial scheme (categories × trees), with eight replicates of 25 seeds. For the germination test performed with the seeds of each category, the data were analyzed in a 3 × 3 factorial scheme (categories × trees), with eight replicates of 25 seeds.
The statistical analysis of the preliminary test for the electrical conductivity was in a factorial scheme 6 × 2 (imbibition times × volumes of water) with four replicates of 50 seeds.
For the final test of electrical conductivity, the statistical analysis was in a factorial scheme 5 × 3 (imbibition times × trees), with four replicates of 50 seeds. For the germination test performed along with the electrical conductivity test, the statistical 4/9 Gibbert P, Bortolini MF, Kaiser DK, Muller EM, Gusatto F Floresta e Ambiente 2019; 26(2): e20170657 analysis was in a completely randomized design with eight replicates of 25 seeds for each tree.
For all the tests, the normal distribution of the residues was evaluated. The variances of the treatments were tested for homogeneity by the Bartlett test. Those that were homogeneous were submitted to analysis of variance (test F), and their means were compared by the Tukey test at the level of 1 and 5% of probability.
RESULTS AND DISCUSSION
At the moment of the X-ray test, seeds from the trees I, II and III had 14.3%, 13.5% and 15.2% of water content, respectively. For the preliminary electrical conductivity test, seeds from tree III had 13.4% of water content. Seeds submitted to the final test of electrical conductivity presented 15.6%, 16%, and 15.9% of water content for the trees I, II and III, respectively. For the weight of one thousand seeds trees I, II and III presented 78.6, 83.7 and 59.1 g, respectively.
According to Carvalho et al. (2009) , the water content of the seeds in the X-ray test influences the optical density, that is, the lower the water content of the seeds, the greater the differentiation of the internal structures of the seeds visualized in the radiographs. Therefore, the low water content of the seeds permitted a better visualization and differentiation of the structures. Figure 1 shows the radiograph of seeds from the four categories, and in Table 1 the percentages of each X-ray category for each tree can be observed.
According to Table 1 , tree I presented the highest percentage of full seeds, differing statistically from the other trees. It can be observed that tree III has the highest percentages of malformed seeds and with small damage, differing statistically from the other trees. Tree III was the only one to present empty seeds; for this reason, this category was not submitted to statistical analysis.
Among the categories, the one with the highest percentage of seeds was that of full seeds, which differed statistically from the categories of malformed seeds and with small damage, which had smaller percentages. The pattern of seeds percentage for each category found in the present study was observed by other authors, such as Albuquerque & Guimarães (2008) with sucupira-preta seeds (Bowdichia virgilioides) and Carvalho et al. (2009) with species of Lauraceae.
For the germination test with the seeds submitted to the X-ray test, it was observed that in all trees the percentage for the full category was higher, differing significantly from the other categories. The categories of malformed seeds and with small damage did not differ significantly between them (Table 2) .
Among the trees, the percentage of germination for the full seed category did not present a significant difference. For the categories of malformed seeds and with small damage, tree III presented a higher percentage (Table 2) , since this tree had a higher percentage of seeds in these categories (Table 1) , making the mean value higher.
For the average germination speed, it was observed that, for tree I, the category of full seeds was the one with the highest speed (0.21 seedlings/day), which significantly differed from the malformed categories 
and with small damage. For trees II and III there was no statistical difference between the categories (Table 2) .
Comparing the trees, the average germination speed for the full seeds was higher in trees I and II, with tree I differing from trees II and III, and tree II not differing statistically from tree III. Considering the category of malformed seeds, tree III differed significantly from tree II. Seeds with small damage presented higher speed in tree III, differing from the other trees.
For the percentage of normal seedlings, the seeds classified as full obtained the highest percentages, followed by seeds with small damage and malformed, differing significantly from each other (Table 2) .
When comparing the trees, it was observed that for the category of full seeds, the trees did not differ from each other. For the malformed and with small damage, the highest percentage was for tree III, differing statistically from the other trees (Table 2) .
Tree III presented the highest amount of malformed seeds and with small damage, and the lowest amount of full seeds (Table 1) . On the other hand, normal seedling formation was higher in the categories malformed and with small damage (Table 2 ). This is due to the fact that tree III had the highest amount of seeds in these categories; however, normal seedlings of tree III were thinner and smaller when compared to the normal seedlings of trees I and II. For the same species, there are individual variations among trees because of environmental influences during seed development and genetic variability. The high genetic variability due to the relatively wild stage, without domestication, has been pointed out as the cause of the great variation in the germinative behavior of seeds of Brazilian native forest species (Santos et al., 2009 ); for instance, in the present study it was observed that the three trees differ from each other in the number of seeds per category (Table 1) . Also, they differed in the percentage of germination and normal seedlings and in the average speed of germination (Table 2) , although the seeds belonged to the same species and were in similar conditions in the germination.
It was observed that although most of the seeds were characterized as full (Table 1) , not all of them emerged (Table 2) , which may be due to invisible infections caused by fungi. Gomes et al. (2014) report that the X-ray test detects the existence or not of formed tissues, but it does not necessarily establish a direct relationship with the physiological processes of the seed, so the seed may be full, but not germinate and give rise to a normal seedling. According to Pupim et al. (2008) , morphologically perfect seeds, identified by the X-ray test, may be dormant and originate normal or abnormal seedlings or may even be dead. Albuquerque & Guimarães (2008) observed in sucupira-preta (Bowdichia virgilioides) seeds that the speed of germination decreased as the damage by insects and fungi increased, a fact observed for trees I and II of the present study; however, the inverse was observed for tree III. Through the X-ray test, it was observed that damage results in the decrease of the reserve tissue of the seeds, and thus, the seeds tend to have less energy for the germination. Furthermore, there is a relation with the location of the damage in the seed, if it is close to the vital region or not, which results in the germination or not of the seed, as well as the formation of the normal seedling.
According to Carvalho et al. (2009) , the possibility of damage detection in the seeds allows their disposal, guaranteeing the highest quality of the lot, besides contributing to their conservation in the storage. Muxfeldt et al. (2012) also report that the removal of these seeds prevents the transfer of insects to other seeds.
According to Carvalho et al. (2009) , seeds damaged by predators, but not close to embryonic axis, can germinate, which does not occur if the predation is in the embryonic axis. The presence of deteriorated tissues or malformations are limiting factors for the viability and, depending on the affected location, can reduce the vigor, giving rise to weak seedlings, consequently more susceptible to adverse conditions (Nunes et al., 2014) .
Regarding the electrical conductivity test to determine the adequate volume of water, it was observed that only in the 12-hour time there was no significant difference between the volumes of water tested. In the other times of conductivity measurement there was a significant difference between the volumes of water, and the amount of 75 mL showed the lowest readings (Table 3) .
Although the amount of 75 mL presented lower values of conductivity, it was decided to use 50 mL, because according to literature, with a higher amount of water there is a greater dilution of the leachates, in this way, the quantity of 75 mL exhibits higher dilution compared to the amount of 50 mL, and consequently lower reading of the solution.
When conducting the electrical conductivity test to select the adequate water volume, tree III presented 13.4% humidity. At the moment of the final test, the seeds from trees I, II and III presented 15.6%, 16% and 15.9% of humidity, respectively. These values are within the standard recommended by Krzyzanowski et al. (1999) , between 10% and 17%, besides having uniformity in the degrees of humidity. Means followed by the same letter (lowercase in the column and uppercase in the row) do not differ by the Tukey test (P > 0.01). CV: coefficient of variation.
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With the increase in the amount of water, it was observed a decrease in the values of electrical conductivity. According to Ataíde et al. (2012) this is due to the fact that there is a greater dilution of the ions in the imbibition solution. Dalanhol et al. (2014) observed that the amount of 50 mL of water was efficient for differentiation of sublots, in addition to presenting lower coefficient of variation. Flávio & Paula (2010) observed that in the highest volume of water there was little difference in the leaching patterns in the initial periods of imbibition, regardless of the number of seeds, and thus recommended the use of 50 mL. In addition, the authors, using seeds of Dyctyoloma vandellianum (tingui-preto), emphasize that if it is desired to obtain fast results, it is necessary to adopt smaller volumes of water, like 50 mL, to conduct the test. Pereira & Martins (2012) , in studies with cubiu (Solanum sessiliflorum), report that higher volumes of water do not allow the stratification of lots according to the physiological characterization. Gonçalves et al. (2008) recommended volumes of 50 or 75 mL for Guazuma ulmifolia (mutamba).
It can be noticed that the longer the imbibition period, the higher the electrical conductivity values. Thus, the volume of 50 mL was adopted for convenience and because of the difficulty of stratification of lots when using larger volumes of water.
As the imbibition time increased, the conductivity reading went higher, differing significantly from each other. The 120-hour time showed the largest readings, and there was no leachate stabilization throughout the test. These results corroborate with those of Gonzales et al. (2009) with Albizia hassleri (farinha-seca), Dalanhol et al. (2014) with Bowdichia virgilioides (sucupira-preta), Dutra et al. (2007) with Senna siameal (cassia de sião), among others.
There is no stabilization of the leachates due to the non-saturation of the imbibition water, that is, the seeds had not leached enough to stabilize the leachate between the seed and the solution, a fact also found by Dalanhol et al. (2014) .
In Table 4 it was observed, among the trees, that tree I has the smallest amount of leachate when compared to the other trees in all the imbibition times, except for the 72-hour time, in which it does not differ from tree II. There was also no stabilization of leachate.
In Table 5 , it was observed that the percentage of germination was higher in tree I, which did not differ statistically from tree III. For the average speed of germination there was no significant difference among the trees. For the percentage of normal seedlings, tree I again stood out, differing statistically from the other trees. Table 4 that tree I stands out from the others with less leachate, demonstrating that these seeds have high quality, corroborating with the germination and normal seedling data, which were higher in tree I (Table 5 ).
It was observed in
According to Krzyzanowski et al. (1999) , conductivity can be affected by some factors, such as humidity, mechanical or insect damage, seed size, genotypes, seed water content, among others.
In the present study, the 24-hour period was efficient for the classification of the physiological quality of the trees. Dalanhol et al. (2014) , with seeds of Bowdichia virgilioides (sucupira-preta), also obtained lots differentiation with 24 hours. Marques et al. (2002) , Means followed by the same letter (lowercase in the column and uppercase in the row) do not differ by Tukey test (P > 0.01). CV: coefficient of variation.
8/9 Gibbert P, Bortolini MF, Kaiser DK, Muller EM, Gusatto F Floresta e Ambiente 2019; 26(2): e20170657 however, needed 30 hours with seeds of Dalbergia nigra (jacarandá da Bahia). Cherobini et al. (2008) , with seeds of Cedrela fissilis (cedro) and Sesbania virgata (sesbania), evidenced a relationship between germination and electrical conductivity tests. This was also observed in this study, and tree I presented the lowest values of electrical conductivity, and higher percentage of germination (Tables 4 and 5 , respectively).
Correlating the X-ray and electrical conductivity tests, it was observed that tree III presented lower physiological quality, with the highest percentage of seeds of lower quality and greater amount of leachate in the electrical conductivity test. The greatest release of the exudates in the electrical conductivity test may be due to the partial or total attack of insects and larvae on the seeds, as well as deterioration of the seeds, which are detected in the X-ray test. Tree I released less leachate in the electrical conductivity test and detected a lower percentage of seeds with damage by the X-ray test.
CONCLUSION
The X-ray test is efficient for the physical evaluation of Senegalia polyphylla seeds when they are positioned at 28.6 cm from the source of X-ray emission, with intensity of 26 kv and time between 7 and 9 seconds, the latter being automatically measured by the equipment.
The electrical conductivity test is efficient for evaluating the physiological quality of Senegalia polyphylla seeds, being recommended the use of 50 seeds in 50 mL of water for 24 hours. Means followed by the same letter in the column did not differ significantly (*p > 0.05), (**p > 0.01). CV: coefficient of variation.
